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(57) ABSTRACT 

The present invention provides a method of preparing a 
surface of a silicon Wafer for formation of HSG structures. 
The method contemplates providing a Wafer having at least 
one HSG template comprising polysilicon formed in BPSG, 
the HSG template being covered by silicon dioxide. The 
Wafer is treated With a cleaning agent to clean the surface of 
the Wafer. Next, the Wafer is treated With a conditioning 
agent. The conditioning agent removes native oxide from the 
HSG template Without excessively etching structural BPSG. 
Preferably, the conditioning agent also removes a thin layer 
of polysilicon on the HSG template. The Wafer is then 
transferred to a process chamber for HSG formation. 

57 Claims, 3 Drawing Sheets 

28 
24 
26 22 

r20 

HSG 
FORMATION \16 

IY (ZZZ,- 'j 



US 6,544,842 B1 
Page 2 

US. PATENT DOCUMENTS 5,759,262 A 6/1998 Weimer et a1. ............. .. 117/88 

5,783,495 A 7/1998 Li et a1. ...... .. 438/738 
5,290,361 A 3/1994 Hayashida et a1. .......... .. 134/2 5,797,195 A 8/1998 Huling et a1‘ n ~~~~ “ 34/404 

5,294,568 A 3/1994 McNe?lY 6‘ al- 438/706 6,013,549 A 1/2000 Han 6161. ................. .. 438/253 
5350489 A 9/1994 Mumka """" " 216/83 6,126,847 A * 10/2000 Thakur 61 a1. .............. .. 216/57 

5,439,553 A 8/1995 Grant et al. 216/58 6 165 841 A * 12/2000 Kim et al 438/255 
5,498,293 A 3/1996 Ilardi et al. 134/3 ’ ’ ' """""""" " 

5,571,375 A 11/1996 IZumi et a1. .. .. 438/743 
5,634,974 A 6/1997 Weimer et a1. ........... .. 117/103 * cited by examiner 



U.S. Patent Apr. 8,2003 Sheet 1 of3 US 6,544,842 B1 

WAFER WITH 
HSG TEMPLATES 

V 

CLEANING AGENT \10 

V 

CONDITIONING 
AGENT \12 

I! 

RINSELESS 
DRY \14 

HSG 
FORMATION \16 

FIG. 1 

22 18 
\ l j I 

I I 

2/0 
@[M//////J 

FIG. 2 



U.S. Patent Apr. 8,2003 Sheet 2 of3 US 6,544,842 B1 

24 

z 
22 

4 1 

\ r20 
W/////'/J 

FIG. 3 

18 

22 

T71 U/JZZZl//////j 
FIG. 4 



U.S. Patent Apr. 8,2003 Sheet 3 of3 US 6,544,842 B1 

FIG. 6 24 
18 __ 22 

FIG. 7 24 

18 



US 6,544,842 B1 
1 

METHOD OF FORMING HEMISPHERE 
GRAINED SILICON ON A TEMPLATE ON A 

SEMICONDUCTOR WORK OBJECT 

BACKGROUND OF THE INVENTION 

The present invention relates to a method of cleaning and 
conditioning a semiconductor Work object, such as a silicon 
Wafer, so that subsequent process steps produce desired 
results. More particularly, the present invention provides a 
method of cleaning and etching a Wafer so that deposition of 
amorphous silicon (“a-Si”) on the Wafer produces good 
formations of Hemispherical Grained Silicon (“HSG”). 
HSG formations enhance the storage capacitance in stor 

age devices such as Dynamic Random Access Memory 
Arrays (“DRAMS”). Methods for forming HSG are 
described, for example, in US. Pat. Nos. 5,634,974 and 
5,759,262, Which are hereby incorporated by reference as if 
set forth in their entirety. More particularly, these patents 
describe a method of seeding and annealing a-Si on a 
polysilicon template on a Wafer to form HSG. The polysili 
con template may be formed in a layer of oxide material 
such as BPSG. When HSG is formed on the polysilicon 
template, it becomes the bottom plate of a capacitor device 
on the Wafer. 

During Wafer transfer steps, a native oxide layer can form 
on the polysilicon template. As described in the aforemen 
tioned patents, the formation of a native oxide on a Wafer’s 
surface during Wafer transfer steps causes signi?cant prob 
lems in forming HSG structures on a Wafer. This is because 
HSG formation is very sensitive to surface conditions. If the 
oxide layer is not removed or inadequately removed, it can 
impede the seeding step of the seeding/annealing process in 
HSG formation. 
A persisting problem in HSG formation process is that 

existing process steps do not adequately etch the undesired 
oxide materials from the Wafer. Poor, irregularly shaped 
HSG formations result if the HSG process is not conducted 
on clean, properly prepped Wafers. There are further prob 
lems as Well. 

Existing techniques do not adequately passivate the Wafer 
surface after etching. Passivation inhibits the reformation of 
native oxide. Another etch-related problem is that conven 
tional etching techniques do not have acceptable selectivity 
ratios for the different materials present during HSG forma 
tion. This means either under-etching or over-etching of 
targeted materials on the Wafer or over-etching of untargeted 
materials on the Wafer. Conventional cleaning and etching 
techniques may also leave the Wafer’s surface in poor 
condition for HSG seeding and annealing steps. A brief 
overvieW of the cleaning and etching techniques used on 
Wafers Will help illustrate these problems in more detail. 

Wafer cleaning steps are usually carried out before etch 
ing. Cleaning and etching techniques are Well knoWn in the 
art. The formulation and use of Wafer cleaning solutions and 
various etchants for silicon dioxide, silicon, and other mate 
rials such, as silicon nitride are described, for example, in P. 
Van Zant, Microchip Fabrication: A Practical Guide To 
Semiconductor Processing (3rd ed. 1997) McGraW-Hill, 
NeW York, pp. 174—189 & pp. 259—283, Which is hereby 
incorporated by reference. Sulfuric acid based solutions are 
commonly used to remove particulate and inorganic con 
taminants from the surface of a Wafer. Generally, sulfuric 
acid based solutions are used at a temperature of about 90° 
C.—130° C. Oxidants may be added to the solution so that 
organic residues are removed from the Wafer surface. Suit 
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2 
able oxidants include hydrogen peroxide, ammonium 
persulfate, nitric acid, and oZone. 
Wet etching is commonly used to remove oxide and other 

materials from a Wafer: Wafers are immersed in an etchant 
tank for a predetermined time, then rinsed, and dried. 
Etchants that remove a top layer of material Without sub 
stantially attacking an underlying layer are said to have high 
selectivity. The selectivity of an etchant is expressed as the 
ratio of the etch rate of one layer of material to the etch rate 
of another layer of material. Typically, selectivity ratios for 
silicon dioxide/silicon are about 20—40, depending on the 
etch method used. 

Silicon oxide is the most commonly etched material on a 
Wafer. Hydrogen ?uoride is an attractive etchant 
because it dissolves silicon dioxide Without removing sub 
strate silicon. (As discussed beloW, this selectivity is con 
trary to good HSG formation.) HoWever, at room 
temperatures at high concentrations, HF etches oxide too fast 
(about 300 A/second). Therefore, HF is typically mixed With 
Water and/or an ammonium ?uoride (NH4F) buffering agent. 
When NH4F is in the solution, the solution is called a 
“buffered oxide etch” or “BOE” for short. It may be formu 
lated at different strengths for different etch rates. BOEs may 
also include a Wetting agent to reduce the surface tension of 
the etchant. One example BOE is an aqueous solution of HF 
and NH4F (1:8) at room temperature. The etch rate is about 
700 A/min. A more aggressive etchant for silicon dioxide is 
acetic acid and NH4F (2:1)Oat room temperature, Which has 
an etch rate of about 1000 A/min. Different etchants may be 
used to etch other material deposited on a Wafer. For 
example, aqueous mixtures of nitric acid (HNO3) and HF 
have been used to etch polysilicon deposited on a Wafer. 
At least the folloWing etchants have been used to remove 

the oxide layer from an HSG template prior to introducing 
the Wafer into the seeding and annealing steps: (1) 100:1 Wt. 
% HF solution; (2) HF vapor; and (3) unheated HF/TMAH 
solution. Unfortunately, these etchants suffer from the prob 
lems mentioned above: they may not etch polysilicon, or 
they under-etch or over-etch features on the Wafer, or they do 
not condition a Wafer Well for seeding and annealing of 
HSG. For example, 100:1 HF and unheated HF/TMAH 
solutions are generally effective at etching a native oxide 
layer to expose the polysilicon template. HoWever, these 
solutions do not etch the underlying polysilicon layer to any 
appreciable degree, at least not Without over-etching oxide 
layers or rendering the polysilicon surface in an unsuitable 
condition for HSG formation. Still other etchants are prob 
lematic to use. For example, HF vapor etchants are not only 
highly aggressive (especially on BPSG) and difficult to 
control, but they also require more complicated application 
and containment equipment than required for etchant in 
solutions. HF vapor systems may also pose haZards to 
Workers. 

Another disadvantage of conventional etchants and meth 
ods is that they may not passivate the surface of the Wafer 
adequately. Passivation inhibits the reformation of native 
oxide on the Wafer that could occur during staging betWeen 
process steps. This means shortened staging times betWeen 
processing steps. Longer staging times are desirable to 
accommodate the lag betWeen the cleaning and etching steps 
and the HSG formation steps. 

For the foregoing reasons, there is a signi?cant need for 
improved methods for cleaning and etching methods. The 
etchants used in such methods must etch selectivity ratios 
that are not too high or loW and must leave the Wafer in good 
condition for HSG formation. They should also passivate the 
Wafer surface to inhibit reformation of oxide material during 
staging times. 
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SUMMARY OF THE INVENTION 

The present invention overcomes the disadvantages of the 
prior art by doing one or more of the following: 

Cleaning the surface of a Wafer Without disrupting the 
integrity of HSG template. 

Etching native oxide from an HSG template Without 
over-etching other structures on the Wafer. 

Conditioning the HSG template for HSG formation by 
removing a thin layer of the HSG template. 

Passivating the surface of the Wafer to inhibit reformation 
of native oxide and increase staging time for the Wafer. 

One embodiment of the present invention is directed to a 
method of preparing a surface of a semiconductor Work 
object for formation of HSG structures, comprising: provid 
ing a Work object having at least one HSG template; treating 
the Work object With a cleaning agent to clean the surface of 
the Wafer; treating the cleaned Work object With a condi 
tioning agent to condition the template for HSG formation; 
and directly transferring the conditioned Work object to HSG 
seeding and annealing process steps Without a rinse step 
folloWing treatment With the conditioning agent. 

Another embodiment of the present invention is directed 
to a method of forming HSG structures on a silicon Wafer, 
comprising: providing a Wafer having at least one HSG 
template comprising polysilicon; treating the Wafer With a 
cleaning agent to clean the surface of the Wafer; treating the 
cleaned Wafer With a conditioning agent to condition the 
template for HSG formation; directly transferring the con 
ditioned Wafer to HSG seeding and annealing process steps. 

Another embodiment of the present invention is directed 
to a method of preparing a surface of a Wafer for formation 
of HSG structures, comprising: providing a Wafer having at 
least one HSG template comprising polysilicon formed in 
BPSG on a silicon Wafer, the HSG template being covered 
by silicon oxide; treating the Wafer With a cleaning agent to 
clean the surface of the Wafer; treating the cleaned Wafer 
With a QE2 conditioning agent to condition the template for 
HSG formation until the silicon oxide layer and at least 
about 5 A of polysilicon on the HSG template have been 
removed; and directly transferring the conditioned Work 
object to HSG annealing and seeding process steps. 

Another embodiment of the present invention is directed 
to a method of preparing a surface of a Wafer for formation 
of HSG structures, comprising: providing a Wafer having at 
least one HSG template comprising polysilicon formed in 
BPSG on the Wafer; treating the Wafer With a cleaning agent 
comprising a solution of sulfuric acid and an oxidant to clean 
the surface of the Wafer; treating the cleaned Wafer With a 
conditioning agent comprising ammonium ?uoride and 
phosphoric acid to condition the template for HSG forma 
tion: and directly transferring the conditioned Work object to 
HSG seeding and annealing process steps. 

Another embodiment of the present invention is directed 
to a method of forming HSG structures on Wafer, compris 
ing: providing a Wafer having at least one HSG template 
comprising polysilicon; treating the cleaned Wafer With a 
conditioning agent to condition the template for HSG 
formation, the conditioning agent removing a predetermined 
amount of polysilicon from the HSG template; and trans 
ferring the conditioned Wafer to HSG seeding and annealing 
process steps. 

Another embodiment of the present invention is directed 
to a method of forming HSG structures on a Wafer, com 
prising: providing a Wafer having at least one HSG template 
comprising polysilicon; treating the cleaned Wafer With a 
conditioning agent to condition the template for HSG 
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4 
formation, the conditioning agent having a pH of about 
4.0—7.5 and an etch selectivity ratio for BPSG to silicon 
dioxide of about 1 to about 2, the conditioning agent 
removing at least 5 A of polysilicon from the HSG template; 
and transferring the conditioned Wafer to HSG seeding and 
annealing process steps. 
The cleaning agent used in the various embodiments of 

the present invention may be a conventional Wafer cleaning 
solution, such as H2SO4 With either H2O2 or O3. 
The conditioning agent used in the various embodiments 

of the present invention may be an aqueous solution capable 
of etching oxide and polysilicon to a predetermined degree. 
Preferably, such solution has a pH of about 4.0 to about 7.5. 
Preferably, the conditioning agent includes a ?uorine com 
ponent. The ?uorine component may be provided by ammo 
nium ?uoride or hydrogen ?uoride, among other things. 
Preferably, ammonium ?uoride is used in a solution With and 
a strong acid, the solution having a pH of about 4.0 to about 
7.5. The strong acid may be selected from the group of 
phosphoric acid, hydrogen ?uoride, and hydrochloric acid. 
The conditioning agent may also comprise an HF/TMAH 
solution heated above about 30° C. Preferably the 
HF/TMAH conditioning agent is heated betWeen about 30° 
C. to about 45° C. More preferably, it is heated to about 36° 
C. The conditioning agent may also comprise a solution of 
nitric acid (HNO3) and HF or HCl. 

Preferably the conditioning agents used in the present 
invention have an etch selectivity ratio for BPSG to silicon 
dioxide that is about 1 to about 2. A preferred conditioning 
agent sold under the brand name QE2 has an etch selectivity 
ratio of about 1.5 to about 1.6. 

Preferably, the conditioning agents of the embodiments of 
the present invention remove at least about 5 A polysilicon 
to condition the Wafer for good HSG formation. Good HSG 
formation should also result if at least 10 A of polysilicon is 
removed. Good HSG formation should also result if at least 
20 A of polysilicon is removed. Generally, good HSG 
formation should also result from removal of about 5 A or 
10 A to about 20 A of polysilicon. 
A Work object treated according to the embodiments of 

the present invention may have a staging time of at least 
about one-hour betWeen treatment With a conditioning agent 
and transfer to HSG seeding and annealing steps. 

Preferably, in the embodiments of the present invention, 
the Wafer is directly transferred, Without rinsing, from the 
conditioning agent step to the HSG seeding and annealing 
process steps. 

The HSG templates used in the embodiments of the 
present may take any shape. A preferred shape capacitors 
used in DRAM storage devices comprises a substantially 
container shaped structure for forming the bottom plate of 
the capacitor device. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a ?oW chart of steps de?ning one or more aspects 
of the present invention. 

FIG. 2 is a cross-sectional illustration of a bottom plate 
being formed in a Wafer for a container type capacitor 
structure prior to cleaning using the principles of this 
invention. 

FIG. 3 shoWs the Wafer of FIG. 2 after treatment to 
remove material surrounding the container structure, the 
exposed container noW having a native oxide layer that is to 
be removed according to steps in the present invention. 

FIG. 4 is the Wafer of FIG. 3 after treatment according to 
certain steps of the present invention. 
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FIG. 5 shows the Wafer of FIG. 4 after seeding and 
annealing steps to form HSG. 

FIG. 6 shoWs the Wafer of FIG. 5 after a dielectric layer 
has been applied over the HSG formation. 

FIG. 7 shoWs the Wafer of FIG. 6 after a layer of top plate 
material has applied over the dielectric layer, completing the 
capacitor structure. 

DETAILED DESCRIPTION OF THE 
INVENTION 

The present invention provides a novel method for treat 
ing a semiconductor Work object so that it is suitable for use 
in HSG process steps. As used herein, “Work object” means 
Wafers (production, dummy, or pmon), die and packaged 
parts, incorporating, in Whole or part, silicon substrates, and 
other knoWn or discovered semiconductor materials, 
components, and assemblies, including, for example, 
silicon-on-insulator (SOI), silicon-on-sapphire (SOS), thin 
?lm transistor (TFT) materials, or germanium, periodic 
group III-IV materials, II-VI materials, hetero-materials (II, 
III, V, VI), and conductive glasses. 

It Will be apparent to persons of skill in the art that the 
present invention is not necessarily limited to any particular 
kind of Work object. HoWever, to illustrate the principles of 
the present invention, the folloWing discussion, unless oth 
erWise noted, Will be in terms of a silicon-based Wafer as the 
Work object. 

FIG. 1 is a flow chart of steps 10—16 that de?ne one or 
more aspects of the present invention. Steps 10—14 relate to 
pre-treating a Wafer so that it is ready for HSG formation in 
step 16. Generally, step 16 includes the steps of seeding and 
annealing to form HSG. Preferably, an RTCVD process 
chamber is used in the process of forming HSG. 
As a matter of convenience, steps 10—14, unless otherWise 

noted, may be performed at about 1 ATM and at about room 
temperature, or they may be performed at other ambient 
conditions in a fabrication facility. These steps may be 
carried out on a semi-automated Wet bench. Step 16 may be 
carried out in any process chamber suitable for formation of 
HSG, including PECVD, LPCVD, RTCVD, and PVD pro 
cess chambers, as noted in US. Pat. No. 5,759,262, previ 
ously incorporated by reference. 

FIG. 2 is a cross-sectional illustration of a container-type 
capacitor structure 18 being formed on a silicon substrate 20. 
The container 18 represents the bottom plate (electrode) of 
the capacitor onto Which HSG Will be formed to enhance the 
capacitor’s storage capacity. It Will be apparent to persons 
skilled in the art that although the Figures depict only a 
single capacitor, this invention applies to the formation of a 
plurality of capacitors on a single Wafer. It Will also be 
apparent, that While this invention is generally in terms of a 
container-type capacitor structure, the principles Will readily 
apply to other patterns on Work-objects intended to receive 
HSG formations. Hereinafter, a patterned region on a Wafer 
intended to receive HSG formations is referred to as an 
“HSG template”. 
An HSG template may be formed by Well-knoWn tech 

niques. Referring to FIG. 2, a conductive material is depos 
ited over a selectively etched layer 22 of dielectric material 
to form container 18. Container 18 is formed of the con 
ductive material. Preferably, the conductive layer of material 
forming container 18 is polysilicon. FIG. 2 shoWs the 
container 18 after removal of the Wafer’s top layer of 
conductive material from the Wafer’s top surface, by for 
example, chemical-mechanical polishing (CMP). After pol 
ishing doWn the top surface of the conductive material, 
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6 
container 18 material remains in the Well formed in dielec 
tric layer 22, as illustrated in FIG. 2. 
The dielectric layer 22 may be an un-doped or doped 

silicon dioxide material deposited on silicon Wafer 20. A 
preferred dielectric material for layer 22 is BPSG 
(borophosphorus silicate glass). BPSG is a doped silicon 
dioxide oxide. Other possible dielectric materials include 
un-doped and doped silicon nitride material. The dielectric 
layer 22 is used structurally to support the HSG templates 
and to separate HSG capacitor cells to keep the cells from 
electrically shorting each other. For purposes of illustrating 
this invention, the dielectric layer 22 is generally described 
herein in terms of BPSG. It should be recogniZed, hoWever, 
that other dielectric materials may also be suitable for use in 
dielectric layer 22. 

FIG. 3 shoWs the Wafer of FIG. 2 after treatment to etch 
dielectric layer 22. This treatment may be based on knoWn 
etching methods. A suitable method for etching BPSG 
involves a Wet etch using an aqueous solution of about 100:1 
Wt % HF. The etch exposes the Walls of container structure 
18, as shoWn in FIG. 3. After etching to remove the oxide 
material 22, a native oxide layer 24 may form on container 
18. 

Prior to introducing the Wafer into HSG fabrication steps, 
the surface of the Wafer must be cleaned of organic and other 
contaminants. The oxide material 24 must also be removed 
from the HSG template 18. Preferably, the surface of the 
Wafer is also passivated to inhibit reformation of oxide on 
the Wafer’s surface during staging betWeen process steps. 

If such surfaces are not adequately cleaned and 
conditioned, HSG may form poorly on the HSG template. If 
the formations are too poor, the device may be defective, 
loWering production yields. 

To avoid such problems and produce good formations, the 
present invention uses a novel method of cleaning and 
conditioning a Wafer prior to HSG formation. To illustrate 
the principles of the present invention, the Wafer of FIG. 3 
may be treated according to steps 10—14 of FIG. 1. After 
these steps, the Wafer may be introduced into step 16, HSG 
formation. 

In step 10, a Wafer surface With an HSG template is 
cleaned by a cleaning agent to remove organics or other 
contaminants from the Wafer’s surface. Wafer cleaning 
agents are Well knoWn. For example, sulfuric acid based 
solutions are commonly used to remove particulate and 
inorganic contaminants from the surface of a Wafer surface. 
Generally, sulfuric acid based solutions are used at a tem 
perature of about 90° C.—130° C. Oxidants may be added to 
the solution so that the solution also removes organic 
residues. Suitable oxidants include hydrogen peroxide, 
ammonium persulfate, nitric acid, and oZone. As previously 
noted above, the formulation and use of these cleaning 
solutions is Well knoWn to persons skilled in the art. 

In selecting a suitable cleaning agent, the cleaning agent 
should not be so strong that it substantially disrupts the 
integrity of the HSG template. Apreferred cleaning agent is, 
for example, a “Piranha” solution. Piranha cleaning agents 
are Well knoWn in the art. Typically, the Piranha solution 
comprises aqueous HZSO4 With either H2O2 or O3. Piranha 
is carried out at about 120° C. at 1 ATM for about 5 minutes 
or until the Wafer surface and HSG template have been acted 
on to a desired degree. This cleaning step removes inorganic 
and organic contaminates from the Wafer’s surface. 

In step 12, the HSG template is etched With a conditioning 
agent to remove layer 24 of native silicon dioxide and 
preferably to remove a thin layer of polysilicon layer 18. The 
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conditioning agent exposes and conditions the surface of the 
HSG template so that good HSG seeding and annealing 
result in subsequent steps. Removal of at least about 5 A of 
the top layer of polysilicon from the HSG template is 
believed to result in good HSG formation. Generally, 
removal of at least about 5—20 A of polysilicon should 
produce good results. The etch should be conducted Without 
excessive etching of the remaining BPSG layer 22. Exces 
sive etching of layer 22 may lead to poor integrity of the 
capacitor structures. Asuitable etch ratio of BPSG to silicon 
dioxide is about 1.0 to about 2.0 so that there is not 
unacceptable loss of the BPSG layer. A preferable ratio is 
about 1.0. 

This invention contemplates using different conditioning 
agents to remove native oxide and a thin layer of polysilicon 
Without unacceptable etching of BPSG or other material. For 
example, the present invention contemplates using as a 
conditioning agent a solution of ammonium ?uoride (NH4F) 
With phosphoric acid (H3PO4)), hydrogen ?uoride (HF), 
hydrochloric acid (HCL), or another strong acid. Another 
conditioning agent contemplated by the present invention is 
a solution of HF or HCL With nitric acid (HNO3). Generally, 
the conditioning agent should be formulated for a pH range 
of about 4.0—7.5. Preferably, the pH is adjusted to about 7.0. 
A preferred conditioning agent for use in the present 

invention is a knoWn solution sold under the brand name 
“QE2” by OLIN Corporation, NorWalk, Conn. QE2 is an 
aqueous solution containing about 40 Wt. % NH4F, about 
1.0—1.3 Wt. % phosphoric acid (H3PO4>), and deioniZed 
Water as the remainder. A QE2 etchant can etch BPSG at 
about 75 A/min and silicon dioxide at about 48 A/min. This 
gives a BPSG/oxide etch selectivity ratio of about 1.6. This 
ratio is considered a suitable ratio for the purposes of this 
invention. A QE2 conditioning agent etches the polysilicon 
stated above at about 20 A/min. 

Conveniently, the QE2 conditioning agent may be used 
Without heating at about room temperature at about 1 ATM. 
HoWever, the present invention is not limited to this tem 
perature. The temperature may be in the range of about 15° 
C. to about 60° C. The process is carried out for about 1—5 
minutes or until the oxide layers or other targeted layers 
have been etched to a desired degree. Temperatures at the 
loWer end of the temperature range Will require longer times. 
Times and temperatures may be adjusted to control hoW 
much polysilicon or other substrate material is etched. It is 
believed that the foregoing conditions of use applicable to a 
QE2 conditioning agent should also generally apply for the 
use of the other conditioning agents contemplated by the 
present invention. In any event, persons skilled in the art 
Will-recognize hoW to adjust such conditioning agents’ 
formulation and hoW to use them to produce desired results. 

Aconditioning agent having a passivation agent is advan 
tageous because the component transfers to the surface of 
the Wafer to passivate it. The passivation agent keeps the 
surface from oxidiZing, alloWing a relatively long staging 
time before the Wafer experiences signi?cant oxidation. 
Fluorine and hydrogen from a QE2 conditioning agent are 
believed to transfer to the surface of the Wafer to passivate 
it. It is expected that other conditioning agents With a 
?uorine component Will produce similar results. A QE2 
conditioning agent used according to the present invention 
should alloW a staging time of at least about four hours 
betWeen use of the conditioning agent and the HSG seeding 
and annealing process steps. 

Another conditioning agent of the present invention is a 
heated aqueous solution of HF/TMAH (tetramethyl ammo 
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8 
nium hydroxide). A preferred solution comprises about 0.5 
Wt. % HF and about 1.5 Wt. % TMAH. This solution has a 
BPSG/thermal oxide etch selectivity of about 2:1. A condi 
tioning agent based on HF/TMAH should be heated to at 
least about 30° C. When applied to the HSG template. 
Preferably, the conditioning agent is applied at a temperature 
of from about 30° C. to about 45° C. Preferably the 
temperature is about 36° C. Above 45° C., the solution may 
cause pitting in the polysilicon. It has been found that 
HF/TMAH solutions beloW about 30° C. do not etch effec 
tively enough to result in good selective HSG formation. 
One reason may be that such solutions etch little or no 
polysilicon after etching the native oxide layer and/or they 
do not leave the surface of the Wafer in a state conducive to 
HSG seeding and annealing. 

After treatment With a conditioning agent, the Wafer may 
be dried Without rinsing. It is undesirable to rinse the Wafer 
because common aqueous rinsing agents could promote the 
reformation of native oxide on the Wafer, Which Would 
interfere With HSG formation. The Wafer may be dried by 
transfer to a dryer. A suitable drying technique is at about 
room temperature in a Marangoni dryer. Other systems for 
drying Wafers are Well knoWn in the art. After drying, the 
Wafer surface is favorably conditioned for HSG formation. 
After the Wafer is dried, the Wafer may be transferred to an 
RTCVD system or other system suitable for producing HSG 
formations on the Wafer. The transfer of the Wafer directly to 
HSG formation process steps, Without rinsing or further 
chemical processing, folloWing use of the conditioning 
agent is hereinafter referred to as a “direct transfer” step. 

FIG. 4 shoWs the Wafer of FIG. 3 after steps 10—14 have 
been performed. At this stage, the native oxide has been 
removed, the Wafer has been dried, and the surface passi 
vated by a passivation agent, such as ?uorine from the 
conditioning agent. The Wafer is ready for HSG formation. 
Methods of forming HSG are described in US. Pat. Nos. 
5,634,974 and 5,759,262, Which Were incorporated by ref 
erence above. 

FIG. 5 shoWs the Wafer of FIG. 4 after seeding and 
annealing steps to form HSG 24 on the HSG template. FIG. 
6 shoWs the Wafer of FIG. 5 after a dielectric layer 26 has 
been applied over the HSG formation 24. FIG. 7 shoWs the 
Wafer of FIG. 6 after a layer 28 of top plate (electrode) 
material has been applied over the dielectric layer 26. Layer 
28 completes the capacitor structure. 

Tests Were conducted on silicon Wafers With container 
type polysilicon HSG templates formed in a layer of BPSG. 
The Wafers Were treated in accordance With the foregoing 
description using a Piranha cleaning agent; a QE2 condi 
tioning agent at about room temperature or an HF/TMAH 
conditioning agent heated above 30° C.; and direct transfer 
Without rinsing. The Wafers Were then introduced into seed 
ing and annealing steps for HSG formations. The resulting 
HSG formations Were consistently better than treatment With 
an etchant solution based on 100:1 HF or unheated (room 
temperature) HF/TMAH. It is has also been found that good 
HSG formations result if HF vapor is used as the condition 
ing agent. 

Persons skilled in the art Will recogniZe the foregoing 
description and embodiments are not limitations but 
examples. It Will be recogniZed by persons skilled in the art 
that many modi?cations and variations to the present inven 
tion are possible that are still Within the spirit and scope of 
the teachings and claims contained herein. 
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What is claimed: 
1. A method of preparing a surface of a Wafer for 

formation of HSG structures, comprising: 
providing a Wafer having at least one HSG template 

comprising polysilicon formed in a BPSG layer on the 
Wafer; 

treating the Wafer With a cleaning agent comprising a 
solution of sulfuric acid and an oxidant to clean the 
surface of the Wafer; 

treating the cleaned Wafer, before HSG formation With a 
conditioning agent comprising ammonium ?uoride and 
phosphoric acid to condition the HSG template for 
HSG formation by removing a thin layer of the HSG 
template; and 

directly transferring the conditioned Wafer to HSG seed 
ing and annealing process steps. 

2. A method of preparing a surface of a semiconductor 
Work object for formation of HSG structures, comprising: 

providing a Work object having at least one HSG tem 
plate; 

treating the Work object With a cleaning agent to clean the 
surface of the Wafer; 

treating the cleaned Work object, before HSG formation 
With a conditioning agent comprising an aqueous solu 
tion having a pH of about 4.0 to about 7.5 to condition 
the HSG template for HSG formation by removing a 
thin layer of the HSG template; and 

directly transferring the conditioned Work object to HSG 
seeding and annealing process steps. 

3. The method of claim 2 Wherein the conditioning agent 
includes a ?uorine component. 

4. The method of claim 3 Wherein the ?uorine component 
is provided by ammonium ?uoride. 

5. The method of claim 3 Wherein the ?uorine component 
is provided by hydrogen ?uoride. 

6. The method of claim 2 Wherein the conditioning agent 
comprises a solution of ammonium ?uoride and a strong 
acid, the solution having a pH of about 4.0 to about 7.5. 

7. The method of claim 6 Wherein the strong acid is 
selected from the group comprising of phosphoric acid, 
hydrogen ?uoride, and hydrochloric acid. 

8. The method of claim 7 Wherein phosphoric acid is the 
strong acid. 

9. The method of claim 7 Wherein the cleaning agent 
comprises HZSO4 With either H2O2 or 03. 

10. The method of claim 2 Wherein the conditioning agent 
comprises an aqueous solution containing about 40 Wt. % 
ammonium ?uoride, about 1.0—1.3 Wt. % phosphoric acid, 
and deioniZed Water. 

11. The method of claim 2 Wherein the conditioning agent 
comprises an HF/TMAH solution heated above about 30° C. 

12. The method of claim 11 Wherein the conditioning 
agent is heated betWeen about 30° C. to about 45° C. 

13. The method of claim 12 Wherein the conditioning 
agent is heated to about 36° C. 

14. The method of claim 2 Wherein the conditioning agent 
comprises a solution of nitric acid (HNO3) and HF or HCl. 

15. The method of claim 2 Wherein the cleaning agent 
comprises a solution of HZSO4 With either H2O2 or 03. 

16. The method of claim 2 Wherein the conditioning 
agent’s etch selectivity ratio for BPSG to silicon dioxide is 
about 1 to about 2. 

17. The method of claim 16 Wherein the etch selectivity 
ratio is about 1.6. 

18. The method of claim 2 Wherein the Work object is 
directly transferred to the process chamber for HSG forma 
tion after a staging time of at least about one hour. 

10 
19. A method of preparing a surface of a semiconductor 

Work object for formation of HSG structures, comprising: 
providing a Work object having at least one HSG tem 

plate; 
5 treating the Work object With a cleaning agent to clean the 

surface of the Wafer; 
treating the cleaned Work object With a conditioning agent 

including a ?uorine component to condition the tem 
plate for HSG formation by removing a thin layer of the 
template; and 

directly transferring the conditioned Work object to HSG 
seeding and annealing process steps. 

20. The method of claim 19 Wherein the conditioning 
agent comprises an aqueous solution having a pH of about 
4.0 to about 7.5. 

21. The method of claim 20 Wherein the ?uorine compo 
nent is provided by ammonium ?uoride. 

22. The method of claim 20 Wherein the ?uorine compo 
nent is provided by hydrogen ?uoride. 

23. The method of claim 19 Wherein the conditioning 
agent comprises a solution of ammonium ?uoride and a 
strong acid, the solution having a pH of about 4.0 to about 
7.5. 

24. The method of claim 23 Wherein the strong acid is 
selected from the group comprising phosphoric acid, hydro 
gen ?uoride, and hydrochloric acid. 

25. The method of claim 24 Wherein phosphoric acid is 
the strong acid. 

26. The method of claim 24 Wherein the cleaning agent 
comprises HZSO4 With either H2O2 or 03. 

27. The method of claim 19 Wherein the conditioning 
agent comprises an aqueous solution containing about 40 Wt. 
% ammonium ?uoride, about 1.0—1.3 Wt. % phosphoric 
acid, and deioniZed Water. 

28. The method of claim 19 Wherein the conditioning 
agent comprises an HF/TMAH solution heated above about 
30° C. 

29. The method of claim 28 Wherein the conditioning 
agent is heated betWeen about 30° C. to about 45° C. 

30. The method of claim 29 Wherein the conditioning 
agent is heated to about 36° C. 

31. The method of claim 19 Wherein the conditioning 
agent comprises a solution of nitric acid (HNO3) and HF or 
HCl. 

32. The method of claim 19 Wherein the cleaning agent 
comprises a solution of HZSO4 With either H2O2 or 03. 

33. The method of claim 19 Wherein the conditioning 
agent’s etch selectivity ratio for BPSG to silicon dioXide is 
about 1 to about 2. 

34. The method of claim 30 Wherein the etch selectivity 
ratio is about 1.6. 

35. The method of claim 19 Wherein the Work object is 
directly transferred to the process chamber for HSG forma 
tion after a staging time of at least about one hour. 

36. A method of preparing a surface of a semiconductor 
Work object for formation of HSG structures, comprising: 

providing a Work object having at least one HSG tem 
plate; 

treating the Work object With a cleaning agent to clean the 
surface of the Wafer; 

treating the cleaned Work object, before HSG formation 
With a conditioning agent to etch the HSG template so 
that it maintains its integrity for HSG formation but 
does not over-etch other selected portions of the sur 
face; and 

directly transferring the conditioned Work object to HSG 
seeding and annealing process steps. 
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37. The method of claim 36 wherein the conditioning 
agent comprises an aqueous solution having a pH of about 
4.0 to about 7.5. 

38. The method of claim 36 Wherein the conditioning 
agent includes a ?uorine component. 

39. The method of claim 38 Wherein the ?uorine compo 
nent is provided by ammonium ?uoride. 

40. The method of claim 38 Wherein the ?uorine compo 
nent is provided by hydrogen ?uoride. 

41. The method of claim 36 Wherein the conditioning 
agent comprises a solution of ammonium ?uoride and a 
strong acid, the solution having a pH of about 4.0 to about 
7.5 . 

42. The method of claim 41 Wherein the strong acid is 
selected from the group comprising phosphoric acid, hydro 
gen ?uoride, and hydrochloric acid. 

43. The method of claim 42 Wherein phosphoric acid is 
the strong acid. 

44. The method of claim 36 Wherein the cleaning agent 
comprises HZSO4 With either H2O2 or 03. 

45. The method of claim 36 Wherein the conditioning 
agent comprises an aqueous solution containing about 40 Wt. 
% ammonium ?uoride, about 1.0—1.3 Wt. % phosphoric 
acid, and deioniZed Water. 

46. The method of claim 36 Wherein the conditioning 
agent comprises an HF/TMAH solution heated above about 
30° C. 

47. The method of claim 46 Wherein the conditioning 
agent is heated betWeen about 30° C. to about 45° C. 

48. The method of claim 47 Wherein the conditioning 
agent is heated to about 36° C. 

49. The method of claim 36 Wherein the conditioning 
agent comprises a solution of nitric acid (HNO3) and HF or 
HCl. 
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50. The method of claim 36 Wherein the cleaning agent 

comprises a solution of HZSO4 With either H2O2 or 03. 
51. The method of claim 36 Wherein the conditioning 

agent’s etch selectivity ratio for BPSG to silicon dioXide is 
about 1 to about 2. 

52. The method of claim 51 Wherein the etch selectivity 
ratio is about 1.6. 

53. The method of claim 36 Wherein the Work object is 
directly transferred to the process chamber for HSG forma 
tion after a staging time of at least about one hour. 

54. A method of preparing a surface of a semiconductor 
Work object for formation of HSG structures, comprising: 

providing a Work object having at least one HSG template 
in the form of a container-type capacitor having side 
Walls; 

treating the Work object, before HSG formation With a 
cleaning agent to clean the surface of the Wafer; 

treating the cleaned Work object With a conditioning agent 
to condition the HSG template for HSG formation by 
removing a thin layer of the HSG template; and 

directly transferring the conditioned Work object to HSG 
seeding and annealing process steps. 

55. The method of claim 54 Wherein the conditioning 
agent acts on the sideWalls of the HSG template so that the 
sideWalls are capable of supporting HSG formation. 

56. The method of claim 54 Wherein the conditioning 
agent comprises an aqueous solution having a pH of about 
4.0 to about 7.5. 

57. The method of claim 54 Wherein the conditioning 
agent includes a ?uorine component. 

* * * * * 
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